Context: Little systematic data on male prolactinomas treated with surgery are available. Objective: To clarify the clinical features and confirm the efficacy of transsphenoidal surgery for male prolactinomas and predictive factors after initial surgery. Patients and methods: This retrospective study included 87 male patients with prolactinoma treated by transsphenoidal surgery at an academic medical center. Hormonal and visual status, remission rates, and the rate of tumor relapse, as well as predictive factors, were evaluated. Results: Postoperative initial remission was achieved in 52.9% of patients. The remission rate was markedly higher in microadenomas (83.3%) than in macroadenomas (44.9%). Logistic regression analysis showed that the predictive factors of the early negative outcomes were high preoperative prolactin (PRL) levels and tumor invasion. After a median follow-up of 45 months, the long-term remission rate was 42.5%, and relapse of hyperprolactinemia occurred in 19.6% of the cured patients. The 5-year recurrence-free survival was 78.2% (95% confidence interval, 62.3-88.1%). When surgery was followed by adjuvant treatment in uncured and recurrent patients, 78.8% of patients in the entire group in the absence of dopamine agonists obtained biochemical remission at the end of follow-up. Conclusion: Transsphenoidal surgery is a viable treatment alternative for male prolactinomas. The remission rates of male patients with microadenomas and/or intrasellar macroprolactinomas by surgery alone remain excellent, and surgery followed by adjuvant therapy as necessary is required for optimizing management of male prolactinomas, especially for extrasellar macroprolactinomas. The early negative results are associated with preoperative PRL levels and tumor invasion.
Introduction
Prolactinomas are the most frequent hormonesecreting pituitary neoplasms and constitute w40% of all pituitary adenomas (1, 2) . Prolactinomas in men are relatively rare in the clinical setting, in which the proportion of men to women is w1:10 (3), and are typically large relative to those in women (4) . At present, dopamine agonists (DA) have been recognized to be the mainstay in the treatment of prolactinomas including male prolactinomas. However, Colao et al. (5) demonstrated in a prospective study that the recurrence rate of male prolactinomas after 24-96 months of Cabergoline withdrawal was 63%, markedly higher than that of female prolactinomas (32%). More recently, a meta-analysis showed that the proportion of patients with persisting normoprolactinemia after DA withdrawal was 21% in microprolactinomas and 16% in macroprolactinomas respectively, despite nearly all consisting of female prolactinomas (6) . Furthermore, there are several other major drawbacks in DA including frequent side effects, extortionate price, and long-term administration (7) (8) (9) . Some other studies have reported that drug resistance in males is remarkably more frequent relative to that in female patients (24-30 vs 5-18%) (10, 11) . Herein, surgery, especially transsphenoidal microsurgery, is still required for a number of patients with prolactinomas (12) . However, the impact of transsphenoidal surgery on male prolactinomas is still a matter of debate. And there are scant symptomatically clinical data available regarding surgical therapy of male prolactinomas, and data have usually been analyzed in small sample sizes (13) (14) (15) or in a mixed cohort of women and men in the literature (16) (17) (18) (19) . We therefore performed a retrospective analysis for our results of surgical treatment in consecutive male prolactinomas to clarify the clinical features and confirm the efficacy and prognostic factors of transsphenoidal surgery for male prolactinomas.
Patients and methods

Patients
We retrospectively analyzed 87 consecutive male patients who underwent surgery for prolactinomas between January 1995 and June 2008 at the Department of Neurosurgery, Provincial Hospital affiliated to Shandong University, Jinan, People's Republic of China. The diagnosis of prolactinomas was postoperatively confirmed by immunohistochemical analysis. Indications for surgical therapy of prolactinomas are currently as follows: resistance to medical therapy, intolerance to DA, neurological deficits including rapid visual loss or cranial nerve palsies because of tumor apoplexy, cerebrospinal fluid leakage attributable to tumor shrinkage after medical therapy, cystic macroprolactinomas with neurological symptoms, and patient preference (17, 20) . Of the 87 patients, 24 cases underwent surgery due to intolerance to DA, 15 due to resistance to DA, 9 cases because of tumor apoplexy causing neurological symptoms, and the other due to personal preference. Magnetic resonance imaging (MRI) was performed on all patients before surgery. Based on the largest diameter measured by preoperative MRI, tumors fell into two categories: microadenomas and macroadenomas (20) . The latter was subdivided into intrasellar and extrasellar macroadenomas (16) . Patients with Knosp grade 3 or 4 based on preoperative MRI and with intra-operative evidence of cavernous sinus tumor invasion were defined as true cavernous sinus invasion as previously described (21) . Tumor volume was calculated as height!length!width/2 (22) . All patients had undergone no previous surgical or radiation treatment for prolactinomas. Medical therapy with bromocriptine had been performed in 47 cases for 2-28 months but ceased at least 4 weeks before surgery. All operations were performed by two experienced neurosurgeons (Y Qu and G Xu). All patients underwent pernasal transsphenoidal surgery with the operating microscope (23) . Ethics Committee approval was obtained from the Research Ethics Committee of Shandong University, People's Republic of China. Informed consent was obtained from all patients. All patients were followed up as outpatients 3 months after surgery and then at annual or biannual intervals. Follow-up information of patients outside our department was obtained by contacting the patients or their relatives by telephone or mail.
Pre-and post-operative hormonal evaluations
Endocrine assessment was routinely performed on the basis of morning fasting basal hormone levels before and after surgery. Serum prolactin (PRL) concentrations from all patients were measured using validated IRMAs. Reference values for men in our laboratory are 4-15 ng/ml. Initial biochemical remission was defined as postoperative normalization of a morning basal PRL level (!15 ng/ml) without dopaminergic therapy for at least 4 weeks before surgery (17) . Follow-up remission was diagnosed with a morning basal PRL level !15 ng/ml without DA therapy for at least 3 months at the latest follow-up (17) . Recurrence was based on elevated PRL levels above the normal range during the follow-up period, regardless of symptoms and neuroradiological findings (16) .
Statistical analysis
All statistical procedures were processed with the software package SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA), except estimation of confidence intervals (CIs) which were estimated using Stata 9.2 (StataCorp LP, TX, USA). Differences between subgroups were analyzed using Student's t-test for normally distributed continuous data, which are reported as meanGS.E.M., and nonparametric test for non normally distributed continuous ones. Pearson's c 2 test was performed for categorical variables. Correlation coefficients were calculated by regression analysis. Binary logistic regression analysis was used to identify independent predictors of outcome/remission. Those variables that had a P value !0.10 in the univariate analysis were entered. The Kaplan-Meier method was conducted to analyze recurrence of adenomas during the follow-up period. Recurrence-free survival was calculated from the date of surgical treatment to the date of recurrence and was dropped (censored) at the date of the last follow-up visit. A P value of !0.05 was considered significant.
Results
Patient characteristics
The median age at surgery was 38 years (range, 17-69 years). The symptom duration ranged from 10 days to 120 months (median, 12 months). Mean preoperative morning serum PRL levels were 974.6G181.1 ng/ml (range, 40.5-12 520 ng/ml). Among them, there were 18 microadenomas and 69 macroadenomas, including 25 intrasellar and 44 extrasellar macroadenomas. Cavernous sinus invasion was observed in 30 patients (34.5%). Headache occurred in 51 patients (58.6%). Preoperative visual impairment occurred in 44 patients (50.6%). A large proportion of patients presented with endocrine symptoms: decreased libido in 66, impotence in 9, infertility in 3, galactorrhea in 3, and gynecomastia in 4 patients. Testosterone deficiency (!2.8 ng/ml) was present in 68 patients (78.2%). The basal preoperative PRL level strongly correlated with adenoma volume in our series (rZ0.672, P!0.001) and preoperative testosterone level (rZK0.223, PZ0.019), but not with preoperative duration of symptoms (rZ0.030, PZ0.393).
Early results
Transient diabetes insipidus occurred in 14 patients (16.1%), and no patients developed permanent diabetes insipidus. Postoperative hematomas occurred in one (1.15%) patient requiring a reoperation. Cerebrospinal fluide (CSF) leaks occurred in four cases and were successfully treated using external lumbar drainage. There were no vascular injuries, meningitis, mortality, or other morbidity in the subjects. The median postoperative duration of hospitalization was 5 days (range 3-15 days). In total, 90% were discharged by postoperative day 5.
The mean postoperative PRL level was 243.6 G43.1 ng/ml (range, 4-2100.8 ng/ml), which was markedly lower than the preoperative average value (974.6G181.1 ng/ml, P!0.001). Early normalization of PRL levels was achieved in 15 (83.3%) patients with microadenoma, and in 31 (44.9%) patients with macroadenoma respectively. Among macroadenomas, 80.0% (20/25) of those with intrasellar adenomas and 25.0% (11/44) with extrasellar extension achieved early surgical remission with significant difference (P!0.001). Only a minority of adenomas (10.0%) with cavernous sinus invasion obtained surgical remission. Because of the similar rates of remission and all microadenomas lying in the sella turcica, patients with microadenoma and intrasellar macroadenoma were grouped as intrasellar adenomas (16, 24) . Univariate analysis revealed that tumor diameter, preoperative PRL levels, extrasellar extension, and tumor invasion were related to surgical results, whereas the relationship between preoperative dopaminergic treatment and surgical outcomes was not found.
Statistically significant difference was found between the mean preoperative PRL level (237.8G36.8 ng/ml) in the remission group and that (1801.3G340.0 ng/ml) in the persistent group (P!0.001). A multiple logistic regression analysis was used that included surgical outcome, age, tumor size, preoperative PRL level, tumor invasion, and prior bromocriptine therapy. A lower preoperative PRL value was the strongest predictor of initial remission (PZ0.001), and invasion into the cavernous sinus was also significant (PZ0.003).
Long-term results
The median duration to follow-up for the entire group was 45 months (range, 13-121 months). Two patients not cured were lost to follow-up. Of these male patients at the latest evaluation, 37 (42.5%) were still in remission. Nine patients (19.6%) experienced recurrence of hyperprolactinemia, and the median PRL concentration was 467.2 ng/ml (range, 78.3-982 ng/ml). Among these patients, seven had the visible tumors in MRI, and tumor volume ranged from 0.10 to 1.13 cm 3 (median, 0.50 cm 3 ). All relapses arose within the first 4 years after surgery. Figure 1 exhibits the recurrencefree survival curve by Kaplan-Meier analysis. The 5-year recurrence-free survival rate was 78.2% (95% CI, 62.3-88.1%). Among these recurrent patients, two cases were microadenomas, and the rest were macroadenomas. The 5-year recurrence-free survival rate in 34 male patients with intrasellar tumors (89.7%; 95% CI, 71.4-96.6%) was significantly different from that of the 12 patients with extrasellar adenomas by the logrank test (45.5%; 95% CI, 16.7-70.7%, PZ0.002, Fig. 2 ). Univariate analysis of the time to relapse demonstrated that the postoperative PRL level and extrasellar extension were associated with recurrence (P!0.001 and PZ0.002 respectively).
The subsequent adjuvant treatments were received by the patients with either persistent or recurrent hyperprolactinemia. Nineteen patients who were administered bromocriptine alone achieved normalization of PRL concentrations. Seven patients experienced remission by means of medical plus radiotherapy. Reoperation was required for four patients with continued dopaminergic treatment due to the evidence of tumor regrowth, of whom two had normalization of PRL levels. Four cases with slightly increased PRL concentration without symptoms received no additional therapy, of which one normalized PRL level 
Discussion
Primary DA is currently recognized as the 'goldstandard' treatment in most patients with prolactinomas including male prolactinomas (20) . Surgery is generally used as a second-line treatment in prolactinomas. Currently, specific guidelines for the treatment of male prolactinomas do not exist (14, 20) , and the surgical indications are typically made with reference to those for female prolactinomas in most cases (17, 20) . In our study, the overall initial remission rate (52.9%) was in good agreement with previous reports obtained in a mixed cohort of women and men with prolactinomas with remission rate ranging from 53.2 to 64.2% (16, 17) . In contrast to the previous reports including only male prolactinomas, the overall initial remission rate in our study is slightly higher than the previous report (45%) by Calle-Rodrigue et al. (19) , and is higher than the other published data ranging from 25.9 to 38% (13, 16, 22, 25) . The most plausible explanation for the discrepant outcomes might be in part because the subjects included different ratio of micro-versus macroadenomas or had different frequency of cavernous sinus invasion, in part because of the development of technique and equipments. Our results in microprolactinomas are comparable to the two previous reports including only male microprolactinomas (72.7-84.6%) (14, 15) , and the remission rates of both microprolactinomas and intrasellar macroadenomas treated with surgery alone are well comparable with those treated with pharmacotherapy alone (80-83%) (26, 27) . The rate of PRL normalization (44.9%) of male macroprolactinomas, especially extrasellar macroadenomas, was significantly lower than that of the previous findings (75.6-79%) treated with DA alone (26, 27) . However, the remission rate of macroadenomas was higher than the early data from a decade ago ranging from 4.3 to 38% (13, 25) . Our results were slightly lower than the previous outcomes of female prolactinomas treated with surgery. The most plausible explanation might be associated with the higher frequency of extrasellar and invasive adenomas in men relative to women (28) . Almost all patients in our study exhibited improvement in clinical symptoms, even though patients showed persistent hyperprolactinemia postoperatively.
To our knowledge, no previous study has exploited the multivariate analysis method to identify the independent role of the different variables in surgical outcomes of male prolactinomas. With regard to the difference between gender and surgical outcome, it still remains controversial. Logistic regression analysis by Losa et al. (16) showed that the preoperative PRL level was the only predictive factor of early surgical remission. Kreutzer et al. (17) reported that preoperative PRL level, tumor size, and growth extension were the independent predictors of outcomes. Both groups investigated a mixed cohort of male and female patients but did not demonstrate any effect of gender on surgical outcomes suggestive of the minor influence of sex on surgical results. Recently, Raverot et al. (22) illustrated that male sex was associated with an early negative surgical outcome by univariate analysis, whereas no significance was found by multiple logistic regression analysis. To sum up, male sex does not exert crucial effect on surgical outcomes of prolactinomas. However, male gender was found to be closely associated with recurrence of hyperprolactinemia after DA withdrawal by Colao et al. (5) . In the present study, the preoperative PRL level and tumor invasion were found to be associated with early poor surgical outcomes by multivariate analysis, in line with most of the previous literature (16, 17, 22) .
The impact of preoperative DA therapy on surgical outcome is still under debate (7, 29, 30) . Some neurosurgeons have reported that tumors medically treated preoperatively were difficult to resect and less likely to achieve normal prolactin levels owing to increased consistency of the adenoma (31, 32) . And some have shown no adverse outcome of pre-treatment with these agents (33) . However, Fahlbusch (29) and Figure 2 Line graph demonstrating tumor remission according to tumor growth extension in 46 male patients with a prolactinoma. Significant differences in the 5-year recurrence-free survival rate were found between male intrasellar prolactinomas (89.7%; 95% CI, 71.4-96.6%; solid line) and extrasellar prolactinomas (45.5%; 95% CI, 16.7-70.7%; dashed line; log-rank test, PZ0.002). Thomson (34) indicated that patients with macro-or microprolactinomas had improved outcomes treated with bromocriptine before surgery. In addition, Fahlbusch et al. (30) observed that after withdrawal of DA about 2-3 months before surgery of microprolactinomas, postoperative PRL results did not worsen. Sughrue et al. (35) demonstrated recently that a greater percentage of the tumor could be resected after DA therapy, and thus, better control of the PRL level would be obtained. In our study, no important influence of preoperative DA administration on surgical outcomes was found. Furthermore, most studies including the present data found that tumor cytoreduction after surgery typically elevates the responsiveness of DA and hence decreases the required dosage, even if surgery is not curative (36, 37) .
Recurrence is a common issue bothering pituitary surgeons for prolactinomas. The recurrence rates in the previous literature (19, 25) varied from 0 to 40%. The difference might be associated with the different standard of hyperprolactinemia recurrence and the different ratio of micro-and macroadenomas. We found that 19.6% of patients experienced relapse of hyperprolactinemia. Recurrence rate of macroadenomas in the series was lower than the report by Wilson (25) . And the recurrence rates of microprolactinomas and intrasellar macroadenomas were considered to be the most favorable ones, whereas that of extrasellar macroadenomas was the worst. With regard to the time of relapse, our data were consistent with prior findings (16, 38) . Univariate analysis of the time to relapse demonstrated that the postoperative PRL level and growth extension were associated with recurrence, whereas Losa et al. (16) reported in a mixed series that extrasellar extension of the tumor influenced the risk of recurrence without postoperative PRL levels. And Amar et al. (38) demonstrated that a postoperative PRL below 10 ng/ml predicted remission with 100% accuracy during the 5-year follow-up.
Subsequent adjuvant treatments were received by most male patients with persistent or recurrent hyperprolactinemia. Of these patients, 60.4% achieved normalization of PRL concentration, which was slightly lower than the previous report of a mixed series (16) . At the latest follow-up, the total remission rate of our series might be superior to that of withdrawal of medication therapy (5, 6) .
Our paper descriptively exhibits the strengths and weaknesses of surgical treatment of male prolactinomas at a specialized center. Transsphenoidal surgery could provide selected patients with immediate normalization of PRL levels, without the need for long-term medication administration. Strict selection of male patients with microadenomas and intrasellar macroadenomas with low preoperative PRL levels is of uttermost importance to obtain high likelihood of short-and long-term remission, as suggested in previous studies (16, 17, 24) . It is equally important to have surgeons possessing broad experience and skilled techniques to perform these procedures. Under the circumstances, excellent surgical results with little morbidity and a low recurrence rate could be achieved by transsphenoidal microsurgery for male micro-and intrasellar macroprolactinomas. As for male extrasellar macroprolactinomas, surgery followed by adjuvant therapy when necessary is required. Consequently, transsphenoidal surgery is a viable treatment alternative for male prolactinomas. However, further studies with more patients and longer follow-up are required to confirm the present results.
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